Thus, the results of the present study, considering the experimental conditions used, suggest that there is a pattern of behavior regarding baropodometric variables 2 8 4 (peak pressure, contact area, and contact time) that differentiates subjects with and without PFPS during the activities of climbing up and down stairs and the ramp.
e massa corporal. Foram avaliadas as variáveis pico de pressão, área de contato e tempo de contato em seis regiões plantares (antepé medial, antepé lateral, médio pé, retropé medial, retropé central e retropé lateral), por meio do sistema Pedar-X, durante a realização de quatro atividades funcionais (subir e descer escadas e rampa).
A ordem de realização das avaliações foi randomizada. A intensidade da dor dos sujeitos antes e após as atividades foi avaliada pela Escala Visual Numérica (EVN) 
INTRODUCTION
Patellofemoral Pain Syndrome (PFPS) is characterized as a diffuse pain in the anterior region of the knee 1 , usually of insidious onset and slow progression 2, 3 . It is one of the most common diseases that affect knees 4, 5 , and can lead to functional disabilities that impair activities of daily living 3 . Its signs and symptoms are exacerbated mainly during the performance functional activities, among which we can highlight movements for climbing up and down stairs and sloping surfaces 6, 7 . In this sense, some studies were conducted to investigate biomechanical patterns adopted by subjects with PFPS during the performance of functional activities, noting changes in the electromyographic activity of vastus 8 , in ground reaction forces 9 , in kinematics 7, [9] [10] [11] [12] [13] [14] [15] [16] , and in plantar pressure distribution 17, 18, 2 . According to Thijs et al. 2 , changes in plantar pressure distribution can reduce the shock absorption ability of the foot, transferring part of the ground reaction force to more proximal joints, including the knee, resulting in overload of the patellofemoral joint with consequent increase in patellofemoral pain.
Although there are studies on plantar pressure distribution, so far, few have evaluated it in subjects with PFPS. Thijs et al. 2, 19 evaluated plantar pressure to determine risk factors for the development of PFPS in militaries and corridors, respectively. On the other hand, Aliberti et al. 17, 18 analyzed plantar pressure distribution in subjects with PFPS during the activity of climbing down stairs and gait, respectively. However, the results found by these authors differ regarding plantar pressure distribution patterns presented by the subjects, which might have occurred because the studies were performed with different populations, instruments, and in differentiated situations. In addition, these studies did not evaluate plantar pressure distribution in tasks such as climbing up stairs, besides going up and down ramps, activities in which subjects also feel pain often. It is believed that subjects with PFPS can change their walking patterns as a strategy for reducing pain during the performance of functional activities, and this could lead to changes in plantar pressure distribution, reducing contact time and peak pressure of the member with pain compared with the control group.
Hence, this study aimed to evaluate baropodometric characteristics (peal pressure, contact area, and contact time) during the stage of gait support in stairs and in the ramp of subjects with and without PFPS. 33/2010 ) and all subjects signed an informed consent form. Subjects studied were only female due to biomechanical differences between genders 20 and the highest incidence of PFPS in women 21 . Inclusion criteria for the PFPSG were: anterior or retropatellar pain, exacerbated for at least three of the following situations -climbing up or down stairs, crouching for long periods, kneeling, running, sitting for long periods, and when practicing sports 22, 23 ; insidious onset of symptoms unrelated to traumatic events 24 ; pain equal to or greater than 2cm according to the Visual Numeric Scale (VNS -0-10cm) in patellofemoral joint in the seven days prior the test, during the performance of the aforementioned activities; pain, of any magnitude, in two functional tests lasting 30 seconds each (crouching at 90 degrees and going down a 25cm tall step) 22 . Inclusion criteria for the control group (CHG) were: lack of record of meniscal or ligament injury, trauma, surgery, or fracture in the lower limb 20, 23 ; no record of pain in the knee joint or in the patellofemoral joint (pain 0 cm according to the Visual Analogue Scale -VAS) 20 ; lack of any problem in the hip and leg joints, neurological diseases, or diseases of the musculoskeletal system 23 ; not having had a physical therapy treatment for lower limb; no pain, of any magnitude, during the functional tests with duration of 30 seconds each (crouching at 90 degrees and going down a 25 cm tall step) 22 . Exclusion criteria for both groups were: having neurological diseases 25 ; record of trauma in lower limbs, meniscal or ligament knee injury 22 ; recurring patellar dislocation; record of knee or lower limbs surgery; having systemic diseases that could impair locomotion.
METHODS

Fifty
Baropodometric characteristics during the gait in the ramp and in stairs were evaluated through Pedar-X® from Novel (Munich, Germany), with an acquisition frequency of 100 Hz. Boyd et al. 26 assessed the reliability of Pedar-X® when analyzing a single step and without controling gait speed, in addition to verifying the validity of the vertical force obtained by this system compared with the force platform, finding a good reliability for free gait (ICC from 0.57 to 0.89), in addition to an excellent validity for the measurement of vertical forces between the force platform and the Pedar-X® system (ICC = 0.81 and 0.84).
For evaluation, insoles of the Pedar-X® were placed within the footwear that was used and connected to a conditioner that was placed in a belt attached to the waist of the subjects. This conditioner communicated and transferred data to the computer through Bluetooth communication, thus facilitating the displacement of the subject by the location of the evaluations. All insoles were calibrated prior the study according to manufacturer's specifications. To control differences in the type of footwear, all subjects used a standard footwear (Moleca® shoe). Before starting data collection, subjects went through a period of familiarization with the collection environment and equipment.
The order of performance of activities (climbing up and down stairs and the ramp) was randomized through loterry. For evaluation of baropodometric characteristics during the activity of climbing up and down stairs, subjects were instructed to climb up and down a stair of 11 steps (16,5cm height, 271cm wide, and 30,5cm long), without supporting on the stair rail with the speed they usually engage in this activity, starting the task always with the right foot. Similarly, subjects were instructed to climb up and down a ramp (1378cm long x 153cm wide, with an inclination angle of 12°), as they usually engage in this activity, without supporting on the stair rail and always starting with the right foot. Gait speed was monitored, but not controlled. For monitoring, we used a chronometer (Kenko KK-1046 ® ) and speed was determined by dividing the distance by the mean time of gait in stairs and in the ramp. The speed employed by subjects with PFPS and by those of the control group in activities did not show statistical difference (climbing up stairs: p=0.6; climbing down stairs: p=0.3; climbing up the ramp: p=0.1; climbing down the ramp: p=0.2).
Pain intensity of the subjects during the activities of climbing up and down stairs and the ramp was evaluated by Visual Numeric Scale (VNS), which presents validity and reliability established for this type of evaluation 27 .
Data treatment
For data analysis we discarded the first and the last step in order to avoid the effect of movement acceleration and deceleration, being analyzed, on average, 10 steps per subject for each functional activity. Plantar surface was divided in medial rearfoot, central rearfoot, and lateral rearfoot; medial forefoot, lateral forefoot, and midfoot 18 ( Figure 1 ). We analyzed the following variables: peak pressure (KPa), contact area (cm 2 ), and contact time (ms) of the six plantar regions that, via software, were proportionally adjusted to width and length of the foot of each subject.
Statistical analysis
For statistical analysis we used the Statistical Package for the Social Sciences (SPSS v. 17.0), using the descriptive statistics for subjects' characterization. The Shapiro-Wilk test showed plantar pressure data with Gaussian distribution. We used Independent t-test to test subjects' homogeneity (age, weight, height, and gait speed), Anova 2x6 (two groups X six plantar regions, being the six plantar regions considered repeated measures) to compare peak pressure (Kpa), contact area (cm 2 ), and contact time (ms) in the six plantar regions between PFPSG and CHG, and the Wilcoxon test for comparing the pain of PFPSG subjects before and after climbing up and down stairs and the ramp. The significance level adopted was p≤0.05. Table 1 presents the results for peak pressure (KPa), contact area (cm 2 ), and contact time (ms) for the six plantar regions of PFPSG and CHG during the activities of climbing up and down stairs. We did not observe group effect, or interaction between group and plantar regions for peak pressure, contact area, and contact time in both functional activities.
RESULTS
Data regarding peak pressure (KPa), contact area (cm 2 ), and contact time (ms) in the activities of climbing up and down the ramp are shown in Table 2 . We did not observe group effect or interaction between group and plantar regions in these activities.
(continues) In Graph 1 is possible to observe pain intensity (cm) before and after the activities of climbing up and down the ramp and stairs in PFPSG and CHG. We verified a pain exacerbation in PFPSG after climbing up and down stairs (p=0.01) and the ramp (p=0.01). On the other hand, CHG subjects did not have pain before or after the performance of functional activities. 
DISCUSSION
The evaluation of plantar pressure distribution did not show differences between groups regarding peak pressure, contact area, and contact time in the six plantar regions analyzed at the stage of gait support in functional activities (climbing up and down stairs and the ramp).
Similarly to our study, Aliberti et al. 18 analyzed plantar pressure distribution during the stage of support for climbing down stairs in subjects with PFPS. However, differently from our findings, the authors observed a contact medially directed in the rearfoot and midfoot as well as smaller plantar loads during the movement of climbing down stairs in subjects with PFPS. The Table 2 . Continuation lowest pressure peaks in these subjects when climbing down stairs were related to an attempt to reduce the patellofemoral joint reaction force, aiming to reduce overload and pain, consequently.
On the other hand, Aliberti et al. 17 assessed plantar pressure distribution in three subphases of the gait support (initial contact, mean support, and propulsion) in subjects with PFPS, observing a initial contact medially directed in the rearfoot and a more lateralized propulsion in the forefoot. Consequently, pronation had to happen in the mean support in a more pronounced way, as evidenced by the increase in the lateral forefoot contact area still at this stage and culminating in a more lateral detachment of the foot and a reduction in the peak pressure in the medial forefoot for propulsion.
Whereas plantar pressure distribution can be influenced by several factors, such as gait speed, ground, footwear 28 , and gender 29 , some methodological differences between this study and those of Aliberti et al. 17, 18 may explain conflicting findings between these authors. In our study, we chose to use a standard footwear during gait (Moleca ® shoe), considering that most functional activities of daily living are performed with shoes, and our aim was to get the subjects as close as possible to their daily living. On the other hand, in the studies of Aliberti et al. 17, 18 , subjects wore only socks during data collection. Additionally, the authors controlled the rhythm of the subjects and consequently their gait speed. In our study, we had no such control, for we believe that this could change any pattern of gait behavior of the subjects. In the studies of Aliberti et al. 17, 18 , the sample was composed predominantly by women, but some men participated. In our study, all the participants were women. Regarding gait evaluation, Aliberti et al. 17 analyzed it in three support subphases, differently from our study, in which we evaluate it with full support, and this can also have led to differences in the results between these studies.
Thijs et al. 2 , when investigating risk factors intrinsic to the development of PFPS in women through the measurement of plantar pressure during gait, verified the presence of three risk factors related to the gait, which could predispose PFPS development: a more lateralized pressure distribution at the initial contact of the foot, reduction in the time of maximum pressure in the 4 th metatarsus, and delay in the lateromedial change of the center of pressure (COP) in the forefoot contact during gait. According to the authors, these changes can reduce shock absorption of the foot, transferring part of the ground reaction force to more proximal joints, including the knee, which result in overload of the patellofemoral joint with consequent increase in patellofemoral pain. However, these findings, although relevant, cannot be generalized to the entire population with PFPS, nor compared directly with our study, since they were carried out with a specific population (military), and used a different instrument (FootScan pressure platform).
In another study, Thijs et al. 19 assessed the plantar pressure in barefoot running for non-professional runners, aiming to determine risk factors for the development of PFPS concerning the run. The authors analyzed vertical and mediolateral forces, absolute and relative impulses of eight foot areas, noting a reduction in time to reach the peak of vertical force in the lateral rearfoot and a greater peak of vertical force in the second metatarsus in runners who developed the syndrome, concluding that it is related to an increased impact of initial contact and propulsion during running.
So far, no studies evaluating for subjects with PFPS the plantar pressure distribution in activities such as climbing upstairs, and climbing up and down ramps have been found. Additionally, this was the first study to assess gait using footwear during functional activities in subjects with PFPS.
During the activity of climbing up and down the ramp, the highest pressure peaks were observed in regions of the medial forefoot, followed by the central rearfoot. These data are consistent with Putti et al. 30 who, when assessing the plantar pressure distribution of 53 healthy subjects using Pedar-X, observed higher pressure peak below the hallux and followed by the calcaneus. Nova, Rodríguez and García 28 also investigated the plantar pressure patterns of healthy subjects through Biofoot system of instrumented insoles, noting that the 2 nd metatarsal head had higher peak pressure followed, by heel, 1 st and 3 rd metatarsus, and hallux. In our study, in the activities of climbing up and down stairs, highest peaks of pressure were found on medial forefoot and lateral forefoot, which can be explained by the fact that subjects perform this task touching the anterior part of the foot more than the posterior part. These findings corroborate Aliberti et al. 18 , who observed higher pressure peaks in the medial forefoot region followed by the lateral forefoot when climbing down stairs both in subjects with and without PFPS. There are no studies found in literature evaluating plantar pressure distribution during the activity of climbing upstairs both in subjects with PFPS and asymptomatic ones; however, according to the observations of this study, we can say that pressure distribution patterns were similar to the activity of climbing down stairs.
The distribution pattern of the contact area observed in the study of Aliberti et al. 18 in the control group during the activity of climbing down stairs is similar to the one observed in our present study in both groups (CHG and GSDPF) regarding this activity, with greater contact area in the medial forefoot followed by lateral forefoot. On the other hand, in subjects with PFPS, Aliberti et al. 18 found larger contact area in the medial forefoot followed by midfoot, featuring a more medialized contact of these individuals.
Concerning contact time, Swanson 31 found no differences in this variable in forefoot, midfoot, and rearfoot between 43 subjects with PFPS and 45 controls evaluated by the author both during gait and treadmill run. Similarly, Thijs et al. 2 did not observe differences in contact time for militaries who have developed PFPS during their basic training and those who have not. Aliberti et al. 18 did not observe differences among subjects with and without PFPS regarding the integral of pressure-time when climbing down stairs in the six plantar regions. According to the authors, since the integral of pressure-time is characterized by the impulse of peak pressure in time, this similarity suggests that contact time may have been higher in the PFPSG. In our study, although there were no significant differences in contact time between the groups, we can verify that values of this variable were higher in subjects with PFPS, suggesting that they perform this activity with greater caution than the control-group subjects.
Several studies have reported that subjects with PFPS adopt different strategies, such as lower knee flexion angle, reduction in the knee extensor moment and in ground reaction forces, in addition to reduction in gait speed and rhythm during functional activities to avoid or reduce their pain levels 6, [9] [10] [11] 13, 14, 32 . In our study, we initially hypothesized that subjects with PFPS could change their walking patterns as a strategy for reducing pain during the performance of functional activities, and this could lead to changes in plantar pressure distribution, reducing contact time and peak pressures of the member with pain in relation to the dominant member of the control group. However, this hypothesis was not confirmed during the study.
However, it is noteworthy that PFPS -for being a multifactorial disease with a wide variety of symptoms and potential etiologies -can be manifested by multiple strategies and compensations in the gait of these subjects, which perhaps could explain the different findings verified between this study and others 2,19,17,18. Thus, it is possible that the subjects of our study adopted other strategies that did not influence on their plantar pressure distribution patterns, or our instrument was not sensitive and/or specific enough to detect them during the performance of the functional activities proposed.
Although there is no difference in the pattern and in the intensity of plantar pressure distribution between the groups, we verified pain exacerbation in subjects with PFPS at the end of the four functional activities.
The activities of climbing up and down stairs were those in which the subjects had higher pain exacerbation (1,4cm) regarding climbing up and down the ramp (0,8cm). The higher pain intensity after climbing up and down stairs is due to the fact that these activities require greater knee flexion than during climbing up and down the ramp. The greatest knee flexion leads to an increase in reaction forces and contact areas in the patellofemoral joint because the angle between the patellar tendon and quadriceps becomes more acute, with the increase in the resulting vector; as the knee flexion increases, the effective lever arms of femur and tibia increase, requiring greater quadriceps activation to resist the body weight flexion moment 33 . In this sense, Chen, Scher and Powers 34 found that the patellofemoral joint loads considerably vary according to the task performed. They noted higher reaction force peaks of patellofemoral joint on the run, following the activities of climbing up and down stairs and walking.
We considered as limitations of this study the fact that the participants did not performed the baropodometric evaluation simultaneously and synchronized with the range of ankle and knee motion evaluation.
CONCLUSIONS
The results of our study, considering the experimental conditions used, suggest that there is a pattern of behavior regarding baropodometric variables (peak pressure, contact area, and contact time) that differentiates subjects with and without PFPS during the activities of climbing up and down stairs and the ramp.
Additionally, our findings show that functional activities, such as climbing up and down stairs and ramps, exacerbate the pain of subjects with PFPS. Therefore, these activities could be used to assess the pain of these individuals, but we suggest caution regarding its use during the treatment.
